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ABSTRACT 


An illuminating device for an endoscope system emits light 
toward a light receiving surface of an optical fiber bundle. 
Light incident on the light receiving surface of said optical 
fiber bundle is emitted from a light emitting surface of the 
optical fiber bundle for illuminating an object. The illumi- 
nating device is provided with a plurality of light emitting 
elements, each of which emits a directive monochromatic 
light beam. The light beams emitted by the plurality of light 
emitting elements are incident on the light receiving surface 
of the optical fiber bundle within an angular aperture of the 
light receiving surface thereof. 

14 Claims, 4 Drawing Sheets 
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ENDOSCOPE SYSTEM AND ILLUMINATING 15a and emerged therefrom as a diverging excitation light. 

DEVICE FOR THE ENDOSCOPE The excitation light Illuminates a wall of a human body 

cavity, thereby the illuminated portion of the body cavity 

BACKGROUND OF THE INVENTION fluoresces to emit fluorescent light. The fluorescent light 

m ... , ,5 emitted by the body cavity as well as the excitation light 

Tbt present invention relates to an endoscope system, and fc ^ ^ cavi fc Qn ^ leQs 

an uluminating devtce to be employed in the endoscope lfifl _ ^ lens 16fl converges Ae ^dcnl light on 

system. ^ e receiving surface (i.e., the tip end surface) of the 

It has been known that human tissues fluoresce when image guide 16b to form an image of the illuminated 

illuminated with excitation light. The wavelength range of 10 portion, which is transmitted to the eyepiece optical system 

the excitation light is a range of 380-480 nm, and the through the image guide 16b. 

wavelength range of the fluorescent light emitted by the In the . capturing device 3> M optical path alorig 

tissues .is a range of 480-600 am. The fluorescent light wMch the m% ed ffom tfae iece ^ m 

emitted by diseased tissues such as cancerous ones has less lfc is defined ^ ^ turm device 3 d 

intensity than that emitted by normal tissues if they are 15 the tical ^ a band fiher 31 a lens M 

illuminated with the predetermined excitation light. aQ ^ intensiflcr 33> an imaging 0 tical system 34 and a 

Therefore, conventionally, a fluorescent endoscope system camera head 35 

utilizing-the above characteristics has been developed and ^_ LJ 

used. Such an endoscope system has, as shown in FIG. 4, a .. ™ e band fi " e ' 31 , ™ te f the re f, ec « ed excltatlon 

fiber scope system 1, aVilliiminaUng device 8 connected to 20 h S ht ^P 0 ™ 1 *> that only the fluorescent light component 

*u fiu ' i j • ♦ • , . ^ iU passes therethrough. The condenser lens 32 collects the light 

the fiber scope 1, and an image capturing device 3. r . . ,,,, y.,^*, . 

passed through the band pass filter 31 and converges the 

Hie fiber scope 1 includes an insertion portion 11 to be same t0 impinge on lhe image ^mitei 33. The image 

inserted in a human cavity, an operation unit 12 connected mtens ifi er 33 intensifies the incident light. The imaging 

to the insertion portion U. and a connecting tube 13 con- optical system M converges the intensified light to form an 

nected to the operation unit 12. At the distal end side surface 25 on an reC ei ving surface 0 f the camera head 35. 

of the insertion portion 11. three through openings are ^ camcra head 35 C0QVerts the tical { formed Qn 

formed, one of which is used as a forceps outlet 14a, and an lhe receiving surface into an electrical image (i.e., an 

illumination lens 15a and an objective lens 16a are fitted in electrical signal ), arjd transmits the electrical signal to a 

the other openings, respectively. camera ^ 4 (hereinafter referred t0 as ccu) 

An end of the operation unit 12 is connected to the 30 CCU 4 converts the electrical signal received from the 

proximal end of the insertion portion 11. An eyepiece optical camera head 35 into an image signal, and displays the image 

system 16c is accommodated in the operation unit 12. Inside carried by the electrical signal on a monitor 5. 

the insertion portion 11 and the operation unit 12, an image Further to the above, the conventional fluorescent endo- 

guide fiber bundle X6b (hereinafter referred to as an image system ^ prov ided with a polychromator 6, and a 

guide) is inserted. The image guide 16b is arranged such that 35 personal 7 connected to the polychromator 6. The 

the tip end surface thereof faces the objective lens 16a, and polychromator 6 includes a light guide probe 6a. The 

the proximal end surface faces the eyepiece optical system polychromator 6 detects intensity of light incident on the tip 

end of the light guide probe 6a on wavelength basis. 

An end of the connection tube 13 is connected to a side Th e ii gQt guide probe 6a is inserted from a forceps inlet 

surface of the operation unit 12, and the other end of the opened on the operation unit 12 and inserted through the 

connection tube 13 is connected to the illuminating device 8. nber scope 1( lhe tip eod of the ught pro5e ^ 5eing 

Inside the insertion portion 11, the operation unit 12, and the protruded out of the forceps outlet 14a of the insertion 

connection tube 13, a light guide fiber bundle 15fc portion 11 

(hereinafter referred to as a Ught guide) is inserted. ^ The polychromator 6 detects the mtensity of the fluores . 

The Illuminating device 8 is provided with a xenon lamp ceQ t light conducted by the light guide probe 6a on wave- 

81, a reflector 82, an infrared cut off filter 83 and a light length basis, converts the same into electrical signals, and 

source side band pass filter 84. The xenon lamp 81 emits outputs to the personal computer 7. The personal computer 

white light having a relatively large intensity. The reflector 7 displays a graph showing an intensity distribution of the 

82 is arranged such that the white light emitted by the xenon $Q fluorescent light on wavelength basis, 

lamp 81 is reflected toward a hght receiving surface of the According to the conventional fluorescent endoscope 

hght guide 15* as converging hght. Between the xenon lamp . svstem> the flhiminatillg dev ice 8 is constituted such that the 

81 and the hght receiving surface of the hght guide 13b, the white ^ fc on ^ band fite m {Q obtain tQe 

infrared cut out filter 83, which prevents radiation of heat by excitation light. However, it is impossible to completely 

removing Infrared component within ithe w^te light, and the 55 remove the ^ nents other ^ the excitation ^ 

hght source side band pass filter 84, which allows hght comp0 nent from the white light with the band pass filter 84. 

having a predetermined wavelength range (e.g., 400 nm^50 r^rcfon, in the conventional fluorescent endoscope 

nm) that corresponds to the wavelength range of an excita- systenij ±t ^ ^po^ other than the excitation hght 

tion light, are arranged. component affect the image to be observed. 

Inus, the light emitted by the xenon lamp 81 and reflected 60 Alternative to the above-described illuminating device 8, 

by the reflector 82 enters the hght guide 15b with the an iUummatmg device employing a laser hght source can be 

infrared components being removed by the infrared cut filter employed. Since the laser is superior in terms of 

83, and the components other than the excitation light being monochromatism, the band pass filter 84 and the like are 

removed by the band pass filter 84. unnecessary. However, in order to obtain a sufficient inten- 

The light conducted by the light guide 156 is emerged 65 sity as the excitation light, the light source needs to be a 

from a light emerging surface thereof. The light emerged large device such as a gas laser device. Further, such a laser 

form the light guide 15b is incident on the illumination lens device requires a relatively long i dlin g period before it starts 
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emitting light, the light source should be ready in advance, range of 380-4&0 om, preferably, 400-450 run. In this case, 

which is troublesome. Furthermore, when the gas laser the emitted light is used as excitation light. The human 

device is used, an initial cost as well as a maintenance cost tissues fluoresce upon incidence of the excitation light, 
becomes relatively expensive. 

SUMMARY OF THE INVENTION * DESCRIPTION OF THE ACCOMPANYING 

_ . , — e L . DRAWINGS 

It is therefore an object of the invention to provide an 

improved endoscope system employing an illuminating FIG. 1 schematically shows a configuration of a fluores- 

device which is superior in monochromatism, and can be cent endoscope system according to a first embodiment of 

used simply and quickly. the invention; 

For the above object, according to the invention, there is 10 FIG. 2 schematically shows a illuminating device 

provided an illuminating device for an endoscope system. employed in mc endoscope system according to the first 

The illuminating device emits light toward a light receiving cmbodmicnt of me invention; 

surface of an optical fiber bundle. The light incident on the „ , , „ 

light receiving surface of the optical fiber bundle is emitted na 3 sho J ws a configuration of a fluorescent endoscope 

from a light emitting surface thereof for illuminating an ^ system accordmg to a second embodiment of the mvenUon; 

object. The illuminating device is provided with a plurality aa 

of light emitting elements, each of which emits a directive FIG. 4 shows a configuration of. a conventional fluores- 

monocbromatic fight beam. The light beams emitted by the cent endoscope system, 
plurality of light emitting elements are incident on the light 

receiving surface of the optical fiber bundle within an 20 DESCRIPTION OF THE EMBODIMENT 

angular aperture thereof. Hereinafter, the invention will be described with reference 

Since a plurality of light emitting elements which emit to the accompanying drawings, 
directive and monochromatic light beams, even if a light 

beam emitted by, each light emitting element has relatively First Embodiment 

low intensity, the resultant light collected on the light 25 t . tz. cn j 

J l e 4 . u ji i_ n= * . FIG. 1 shows a configuration of a fluorescent endoscope 

receiving surface or the optical fiber bundle has sufficient inna a- 7~ u a- « ■ 

. Tt-. » . i ■ i_ » l. , - ~ system 1000 according to a first embodiment of the mven- 
intensity. Thus, monochromatic light beam having a sum- 

cient intensity can be obtained with a relatively compact 

structure The fl uoresceot endoscope system 1000 includes a fiber 

According to another aspect of the invention, there is 30 S f°?* \ ^ minatin g dcvi f 2 and an image capturing 

provided an endoscope system, which is provided with an dcV1CC 3 > whlch arc to ^ fiber »I« 

illuminating device, an endoscope, an optical fiber bundle ^ fiber SC0 P e 1 has an insertion portion 11 to be inserted 

having a light receiving surface and light emitting surface, ^ tne human cavity. An operation unit 12 is connected to the 

the optical fiber bundle being inserted through the insertion portion 11, and a connecting tube 13 is connected 

endoscope, and an illuminating optical system provided at a 35 t0 tne operation unit 12. 

distal end portion of the endoscope. The light receiving The insertion portion 11 is formed to be an elongated 

surface of the optical fiber bundle faces the illuminating flexible tube, the distal end thereof being closed with a 

device, and the light emitting surface of the optical fiber disk-like end surface. At least three openings are formed on 

bundle faces the illuminating optical system. The illuminat- the disk-like end surface of the insertion portion 11. One of 

ing device is provided with a plurality of light emitting 40 the openings is used as a forceps outlet opening 14a. An 

elements, each of which emits a directive monochromatic illumination lens 15a and an objective lens 16a for obser- 

light beam. The light beams emitted by the plurality of light vation are fitted in the other openings, respectively, 

emitting elements are incident on the light receiving, surface An end of the operation unit 12 is connected to the 

of the optical fiber bundle within an angular aperture thereof, 45 proximal end of the insertion portion 11, and a space 

The light emitted from the light emitting surface of the communicating with the insertion portion 11 is formed 

optical fiber bundle is directed toward an object through the inside the operation unit 12. An eyepiece optical system 16c 

illuminating optical system. is accommodated inside the operation unit 12, at the other 

Optionally, in either of the above illuminating device or end side. On the surface of the operation unit, various 

the endoscope system, the plurality of light emitting ele- 5Q switches (not shown) for operations and settings of the 

ments may be arranged on a substantially spherical concave endoscope system. 

plane, whose center is located substantially on the central An image guide 16b is inserted through the insertion 

axis of the fight receiving surface of the optical fiber bundle. portion 11 and the operation unit 12. The image guide 16b 

In this case, it is beneficial to provide a mount member on is arranged such that the tip end surface thereof faces the 

which the plurality of light emitting elements are fixed. The 55 objective lens 16a, and the other end surface (i.e., the 

mount member may be provided with a surface formed to proximal end surface) faces an eyepiece optical system 16c. 

have the substantially spherical concave plane as defined The objective lens 16a receives light from an objective 

above. The surface may face the light receiving surface of portion, and converges the light on the tip end surface of the 

the optical fiber bundle, and the plurality of fight emitting image guide 16b to form the image of the objective portion, 

elements are mounted on the surface of the mount member. 60 The light converged on the tip end surface of the image 

With this structure, the optical path for each light emitting guide 16b is directed inside the image guide 16, and emerged 

element can be adjusted easily. from the proximal end surface thereof toward the eyepiece 

In particular case, the plurality of light emitting elements optical system 16c. The eyepiece optical system 16c mag- 
are light emitting diodes. Alternatively, the plurality of light nifies an image of an objective portion for observation, 
emitting elements are a plurality of laser diodes. 6 5 On a side surface, at the distal end side, of the operation 

In particular, each of the plurality of light emitting ele- unit 12, a forceps inlet opening 14b is formed. The forceps 

ments emits a light beam whose wavelength is within a inlet opening 14b and the forceps outlet opening 14a are 
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connected with a not-shown tubular member which defines optical system 16c faces the band pass filter 31 of the image 

a forceps channel. With this structure, an instrument such as capturing device 3. Thus, the eyepiece optical system 16c of 

forceps, treatment accessories, probes and the like can be the fiber scope 1. in association with the condenser lens 32 

inserted through the forceps channel and protruded from the and the imaging optical system 34, relays the object image 

forceps outlet opening 14a. 5 to the camera head 35. 

The connecting tube 13 is a flexible tube, an end of which Next, the Illuminating device 2 will be described, 

is connected to a side surface of the operation unit 12, and The illuminating device 2 includes a plurality of light 

the other end of which is connected to the illuminating emitting elements 21, a mount 22 for mounting the light 

device 2. A light guide fiber bundle 156 (hereinafter referred emitting elements 21, and a power source 23. 

to as light guide) is inserted through the insertion portion 11, "> FIG. 2 schematically shows a structure of the light emit- 

the operation unit 12 and the connecting tube 13. The light tmg elements 21, the mount 22 and the light guide 156. The 

guide 156 is composed of a plurality of densely bundled emitting elements 21 are LED's (light emitting diodes) 

multi-mode optical fibers. The end surfaces, along its length, f or emitting blue light beams (monochromatic light) wave- 

of the light guide 156 are formed as a light receiving surface i engtQ 0 f WQ i c h ^ 450 nm or less (approximately, within a 

and a light emitting surface. The light emitting surface of the 15 range of 400-^50 mn). Each light emitting element 21 has 

light guide 156 faces an illumination lens 15fl, and a light directivity so that the emitted beam proceeds directively in 

receiving surface side portion of the light guide 156 is a predetermined direction. The beam emitted by each light 

inserted inside the illuminating device 2. emitting clement 21 is utilized as the excitation light beam. 

The illuminating device 2 emits excitation light having a It should be noted that the light emitting element 21 is not 

predetermined wavelength within a range of 400-450 nm), 20 limited to ones emitting the blue light. Any light emitting 

which excites human tissues to fluoresce. The excitation elements will be used If the wavelength of the emitted light 

light introduced by the light guide 156 is emitted from the beam falls within a range of the excitation light which causes 

light emitting surface thereof, passes through the illumina- the human tissue to fluoresce (i.e., 400-450 nm). 

tion lens 15a, and is incident on a wall of a body cavity to The mount 22 has a substantially spherical concave 

be observed as a diverging light. 25 surface 22a. The mount 22 is arranged such that the central 

Next, the image capturing device 3 will be described. The axis of the concave surface 22a coincides with the central 

image capturing device 3 is connected to the operation unit axis of the light guide 156 at the light receiving surface side, 

12 such that the light passed through the eyepiece optical the concave surface 22a facing the light receiving surface J 

system 16c is introduced therein. The image capturing of the light guide 156. 

device 3 includes, along the optical path of the incident light, 30 Imagine a cone whose apex is located at the center of the 

a band pass filter 31, a condenser lens 32, an image inten- light receiving surface J of the light guide 156, and flaring 

sifier 33, an imaging optical system 34, and a camera head toward the concave surface 22a, the central axis of the cone 

35. coinciding with the central axis of the concave surface 22a, 

The band pass filter 31 only allows the fluorescent light 35 an angle 6 formed between the central axis of the cone and 

emitted by the tissues, and prevent the reflected excitation a generatrix thereof being a half of an angular aperture of the 

light from passing therethrough. The condenser lens 32 light guide 156 (i.e., sin 0 being equal to the numerical 

collects light passed through the band pass filter 31, and aperture NAof the light guide). The light emitting elements 

directs the collected beam to the image intensifier 33. The 21 are arranged on the concave surface 22a of the mount 22 

image intensifier 33 amplifies the intensity of the incident 4Q such that a light beam emitted by each light emitting element 

beam, and emerges the light beam having the amplified 22 proceeds within the imaginary cone, and is incident on 

intensity. The imaging optical system 34 converges the light the light receiving surface J of the light guide 156. 

beam emerged from the image intensifier 33 on an image It should be noted that the concave surface 22a and the 

receiving surface of the camera head 35 to form an image of light emitting elements 21 are schematically shown in FIGS, 

an object thereon. 45 1 and 2. Actually, the light emitting elements 21 are distrib- 

The camera head 35 of the image capturing device 3 is uted all over the concave surface 22a at predetermined 

connected with a camera control unit 4 (hereinafeter referred interval. 

to as a CCU). The CCU 4 is connected to a monitor device Each light emitting element 21 is connected to the power 

5. The camera head 35 of the image capturing device 3 source 23. The power source 23 supplies electrical current to 

converts the received image into an electrical signal and 50 the light emitting elements 21 individually to turn ON/OFF 

transmits the signal to the CCU 4. The CCU 4 displays an the light emitting elements 21. The excitation light beams 

image of the object in accordance with the electrical signal emitted by the light emitting elements 21 impinge on the 

transmitted from the camera head 35, light receiving surface J of the light guide 156 within a range 

The image capturing device 3 has a sensitivity control unit of the angular aperture of the light guide 156 as afore- 

36 provided on the outside surface of its casing. The 55 mentioned. 

sensitivity control unit 36 is connected to the CCU4 via a With the above-described structure, a fluorescent light 

cable. An operator is capable of adjusting the brightness image of the object can be obtained. In the present 

and/or contrast of the image displayed on the monitor device embodiment, however, further to the above structure, a 

5 by operating the sensitivity control unit 36 to control the polychromator 6 is also employed. That is, the endoscope 

CCU 4. 60 system 1000 further includes the polychromator 6 and a 

The fiber scope 1 enables an operator to observe an personal computer 7 connected to the polychromator 6. The 

enlarged image of the object through the eyepiece optical polychromator 6 has a light guiding probe 6a, and detects 

system 16c when it is not connected to the image capturing the intensity of a light beam incident of the tip of the light 

device 3, and an object to be observed is illuminated with guiding probe 6a. 

white light. 65 The light guiding probe 6a is inserted from a forceps inlet 

In the embodiment, however, the fiber scope 1 is con- 146 of the fiber scope 1. extending through the forceps 

nected to the image capturing device 3 such that the eyepiece channel inside the fiber scope 1. The tip end of the light 
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guiding probe 6a is protruded from a forceps outlet 14a. The monochromatic light having the wavelength of the excita- 

fluorescent light incident on the tip end portion of the light tion light. Further, since the excitation light is monochro- 

guiding probe 6a is introduced to the polychromator 6. The matically superior, light having a certain wavelength which 

polychromator 6 detects the intensity of the fluorescent light obstacles the observation of the object will not emerged 

incident on the tip of the light guiding probe 6a for each 5 from the illumination lens 15a. Therefore, the operator can 

wavelength, converts the same into electrical signals, and always observe the fluorescent object image in condition, 

transmits the electrical signals to the personal computer 7. which improves the accuracy of the diagnosis. Further, since 

The personal computer 7 processes the received signals, and the light emitting elements 21 are relatively small, the 

displays a graph showing the wavelength-intensity distribu- illuminating device 2 can be made compact, 

tion of the fluorescent light on a monitor la. 10 Although the quantity of light emitted by a single light 

Hereinafter, an operation of the fluorescent endoscope emitting element 21 is relatively small, since a plurality of 

system 1000 according the embodiment wiU be described. light emitting element 21 are driven to emit light beams 

When an operator turns ON a main power supply (not simultaneously, sufficient ligjit amount is achieved. Further, 
shown), the power source 23 of the illuminating device 2 all the excitation light beams are incident on the light guide 
supplies electrical currents to each light emitting element 21. 15 within the angular aperture of the light guide 156, the 
Then the light emitting elements 21 starts emitting the sufficient amount of light can be obtained efficiently, 
excitation light beams. The excitation light beams are inci- Further, the light emitting elements 21 stablly emit the 
dent on the light receiving surface J within the angular light beams as soon as they are turned ON. Therefore, no 
aperture of the light guide 15b f guided therein, and emerged idling time is required for operation, and preparation and 
from the light emitting surface P. The light beams emitted 20 maintenance procedures can be shortened significantly, 
from the light emitting surface P are incident on the illumi- 
nation lens 15a. Second Embodiment 

At this stage, the operator may insert the insertion section The fluorescent endoscope system according to the sec- 

11 of the fiber scope 1 in a human cavity. Then, the operator ^ ond embodiment will be described. FIG. 3 shows the flo- 

may adjust the insertion section 11 such that the tip end rescent endoscope system 2000, which includes an elec- 

surface of the insertion section 11 faces the object, or a tronic endoscope 100, an external device 300 connected to 

portion of the cavity wall to be observed. At this stage, the the endoscope 100, an illuminating device 2M for emitting 

excitation light beams emerged from the illumination lens the excitation light, and a monitor 5. 

15a illuminate the object. Then, the tissues of the object 3Q The electronic endoscope 100 has an insertion portion 

fluoresce. The fluorescent light and the reflected excitation 101, an operation unit 102 connected to the insertion portion 

light beams are incident on the objective lens 16a. The 101, and a connecting unit 103 connected to the operation 

objective lens 16a converges the incident light beams to uri it 102. The insertion portion 101 is formed to be an 

form an image of the object on the tip end surface of the elongated flexible tube, the distal end thereof being closed 

image guide 16b. The image guide 16b guides the optical 35 with a disk-like end surface. At least three openings are 

image, i.e., the incident fluorescent light and the reflected formed on the disk-like end surface of the insertion portion 

excitation light, which are then emerged from a proximal 101. One of the openings is used as a forceps outlet opening 

end surface of the image guide 16b. The eyepiece optical ifj4 fl . a light illumination lens 105a and an objective lens 

system 16c receives the light emerged from the image guide 106a for observation are fitted in the other openings, respec- 

16b, and makes the received light impinge on the band pass 4Q tively. 

filter 31 of the image capturing device 3. Qne end of ^ operation unit 102 is connected to the 
The band pass filter 31 does not allow the excitation light proximal end of the insertion portion 101. On the outer 
to pass through, and allows only the fluorescent light to pass surface of the operation unit 102, a plurality of switches for 
therethrough. Therefore, only the fluorescent light is inci- operating and setting the endoscope system 2000 are pro- 
dent on the image intensifier 33. The image intensifier 33 45 vided. On the side surface of the operation unit 102, at the 
amplifies the intensity of the incident florescent light and tip end side portion thereof, a forceps inlet 1046 is opened, 
emerges the same. The imaging optical system 34 converges The forceps inlet 1046 and the forceps outlet 104a are 
the intensified light on the image receiving surface of the connected with a forceps channel. A treatment accessories 
camera head 35 to form the fluorescent object image inserted from the forceps inlet 1046 is protruded from the 
thereon. The camera head 35 converts the received optical 50 forceps outlet 104a, via the forceps channel, 
image into an electricd signal, and transmits the ^ ^ mii m k corjnec ted to the external 
CCU 4 The CCU 4 generates a video signal based on the device 300 md ^ connected t0 the ope ration unit 102 
received signal, and transmits the video signal to the monitor through a flexibk connccting tube 103fl . A light guide fiber 
5. Thus, the fluorescent object image is displayed on the 5undle 10Sb (hereina £t er referred to as light guide) is 
monitor 5. 55 j nserted through the insertion portion 101, the operation unit 
The operator can recognize a condition of the objective 102 and the connecting unit 103. The light guide 1056 is 
wall of the cavity by observing the fluorescent image composed of a plurality of multi-mode optical fibers densely 
displayed on the monitor 5. That is, the operator may bundled. The tip end surfaces of the light guide 1056 are 
determine that the portion of the fluorescent image, which is formed as a light receiving surface and a light emitting 
darker than the other portion, may be diseased. The operator 60 surface. The light emitting surface of the light guide 1056 
can utilize the spectral intensity distribution of the fluores- faces the illumination lens 105a, and a light receiving 
cent light obtained by the polychromator 6 and displayed on surface side portion of the light guide 1056 is inserted inside 
the monitor la. the external device 300. In FIG. 3, the light guide 1056 is 
As described above, according to the illuminating device schematically shown. That is, although the light guide 1056 
2 of the fluorescent endoscope system 1000, a filter for 65 is represented by a single line in FIG. 3, the light guide 1056 
shielding the light other than the excitation light is not is actually a bundle of optical fibers and having a certain 
necessary, since the light emitting elements 21 emit a diameter over its length. 
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Inside a portion adjacent to the tip end of the insertion correction, A/D conversion and the like, and then transmits 

portion 101, a band pas filter 1066 and an image capturing the processed signal to the control circuit 322. 

element 106c are provided to face the objective lens 106a. The control circuit 322 includes an RGB memory (not 

Inside the insertion portion 101, the operation unit 102, and shown) and a timing controller The RGB memory of the 

the connecting unit 103, a signal line 106*/ is inserted. An 5 control circuit 322 has a B area, G area and R area. The RGB 

end of the signal line 106d is connected to the image memory is capable of storing data corresponding to one 

capturing element 106c and the other end thereof is inserted screen image of the monitor 5. the RGB areas storing RGB 

into the external device 300. components, respectively. The timing controller of the con- 

The band pass filter 1066 is formed such that it allows the trol circuit 322 generates various reference signals. The 

fluorescent light of the human tissues to pass therethrough, io signal processing operations performed by the signal pro- 

and prevents the excitation light from passing through. The cessing unit 320 is controlled in accordance with the refer- 

image capturing element 106c is composed of a CCD ence signals generated by the timing controller. 

(Charge Coupled Device), which converts the optical image it should be noted that the control circuit 322 writes the 

formed thereon into an image signal. The image capturing signal output by the primary signal processing circuit 321 in 

element 106c is arranged such that the image receiving 15 the RGB memory i n accordance with a reference signal 

surface thereof is substantially coincident with the image output by the timing controller. 

plane of the objective lens 106a. The image capturing ^ signal proC essing circuit 323 is connected to 

element 106c performs photoelectric conversion within a thc mon itor 5, and obtains the data stored in the RGB 

predetermined imaging period, and outputs the converted mcmorv of the 322 at a predetermined timing, 

electrical signal (image signal) to the signal line 106d within 20 ^ image sign&1 processirlg circuit 323 applics a 

a subsequent transferring penod. The imaging period and the various pr0C essing operations such as D/A conversion and 

transferring penod are repeated, and thus, image capturing an encoding for a predetermined TV format. The monitor 5 

and signal transferring are repeated. receives the processed video signal and display the image 

Next, the external device 300 will be described. carried thereby. 

The external device 300 includes a normal fight source 25 The processing unit 320 further includes a first driver 

unit 310, a processor unit 320, a system control unit 330, and circuit 324 connected to the control circuit 322. The first 

a power source 340. The power source 340 is connected to driver circuit 324 is connected to the filter drive motor 3156 

the normal light source unit 310, the processor unit 320 and 0 f the normal light source unit 310. The control circuit 322 

the system control unit 330, to supply electricity thereto. controls the filter drive motor 3156 through the driver circuit 

The normal light source unit 310 has a white light source 30 324 so that the rotatable filter 315a rotates at a predeter- 

311 for emitting the white light. The normal light source unit mined speed . The control circuit 322 is also connected to the 

310 further includes, on the optical path of the light emitted aperture control mechanism 3146 of the normal light source 

by the light source 311, an infrared cut-off filter 312 a light unit 310. The control circuit 322 controls the aperture 314a 

collecting lens 313, an aperture 314a and a rotatable filter ^ through the aperture control mechanism 3146 to control the 

315<z. light amount. 

The infrared cut-off filter 312 removes the infrared com- The system control unit 330 is connected the primary 

ponent from the light so as to prevent the radiation of heat signal processing circuit 321, the control circuit 322 and the 

from the normal light source unit 310. image signal processing circuit 323 via the signal transmis- 

The light collecting lens 313 converges the tight emerged ^ sion line. Further, the system control unit 330 is connected 

from the infrared cut-off filter 312 on the light receiving to the operation unit 102 of the electronic endoscope 100, 

surface of the light guide 1056. and the illuminating device 2M via the signal line (not 

The aperture 314a and the roatatable filter 315a are shown), and controls the entire system, 

arranged within a optical path between the light collecting Next, the illuminating device 2M for emitting the exci- 

lens 313 and the light receiving surface of the light guide 45 tation light will be described. 

1056. The aperture 314a is connected with an aperture The illuminating device 2M includes the light emitting 

control mechanism 3146, which drives the aperture 314a to elements 21, the mount 22 and the power source 23 which 

change the aperture size to control the amount of light. are similar to those employed in the first embodiment. 

The rotatable filter 315a is a disk- like rotatable member Further, the illuminating device 2M has a rotary shutter 25a, 

formed with a fan-shaped RGB (Red, Green and Blue) so a shutter drive motor 256, a second driver circuit 25c and a 

filters, which are arranged at the same angular interval. tight guide probe 26. 

Portions of the disk-like rotatable member other than the The light guide probe 26 includes an elongated flexible 

color filters are formed to be opaque portions that shield the thin tube, and a fiber bundle arranged inside the thin tube, 

light. The rotatable filter 315a is coupled to a filter driving Specifically, the fiber bundle is composed of a plurality of 

motor 3156. By driving the filter driving motor 3156, the 55 multi-mode optical fiber densely bundled. An end of the 

Red, Green and Blue filters can be inserted in the optical light guide probe 26 is formed as a tight receiving surface 

path in this order. The filter driving motor 3156 can also and the other end surface is formed as a light emitting 

locate the opaque portion of the rotatable filter 315a at the surface. In FIG. 3, the light guide probe 26 is schematically 

optical path. shown and represented by a single tine. However, the light 

The processing unit 320 includes a primary signal pro- 60 guide probe 26 actually has a certain diameter over its entire 

cessing circuit 321, a control circuit 322, and an image length. 

signal processing circuit. The primary signal processing The tight receiving surface side portion of the light guide 

circuit 321 is connected to the image capturing element 106c probe 26 is inserted in the illuminating device 2M. The light 

via the signal line 106a*, and capable of holding the signal at receiving surface of the light guide probe 26 arranged at a 

a predetermined timing. Further, the primary signal process- 65 position corresponding to the light receiving surface of the 

ing circuit 321 applies various signal processing operations light guide 156 of the first embodiment. The light emitting 

such as amplification, adjustment of a white balance, gamma surface side portion of the light guide probe 26 is inserted 
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through the forceps inlet 1046 and protruded from the At this stage, the operator may insert the insertion portion 

forceps outlet 104a. 101 of the electronic endoscope 100 in the human cavity, 

The rotary shutter 25a has a disk-like rotatable member and faces the tip end surface of the insertion portion 101 to 

formed with an opening (not shown). The rotary shutter 25a the object, or a portion of the cavity wall to be observed. The 

is inserted in the optical path between the light emitting 5 Blue, Green and Red light are sequentially emerged from the 

elements 21 and the light receiving surface of the light guide illumination lens 105a and illuminate the cavity wall. The 

probe 26. When the opening is located at the optical path, the light reflected by the cavity wall enters the objective lens 

excitation light beams emitted by the light emitting elements 106a, passes through the band pass filter 1066, and is 

21 pass through the opening and impinge on the light converged on the image receiving surface of the image 

receiving surface of the light guide probe 26. When the to capturing element 106c. Accordingly, on the image receiv- 

opaque portion (i.e., the portion of the rotary shutter 25a ing surface of the image capturing element 106c, the blue 

other than the opening) is inserted in the optical path, the component, green component and red component of the 

excitation light beams are shielded by the rotary shutter 25a. object image are sequentially formed. The image capturing 

The rotary shutter 25a is coupled to the shutter drive clement 106c performs photo-electric conversion within the 

motor 256, which is connected to the second driver circuit 15 imaging period and transfers the converted signal within the 

25c via the signal line. The second driver circuit 25c controls transferring period to the signal line 106a 1 . 

the shutter drive motor 256 to rotate the rotary shutter 25a The primary signal processing circuit 321 of the process- 

at a predetermined speed. The rotary shutter 25a, as being ing unit 320 of the external device 300 receives the signal 

rotated at the predetermined speed, intermittently allows the from the imaging element 106c through the signal line 106c. 

excitation light beams to pass through the opening and 20 Then, the primary signal processing circuit 321 amplifies the 

impinge on the light incident surface of the light guide probe received signal, applies various signal processing 

26. Alternative to the above structure, it is possible to operations, performs A/D conversion, and then stored the 

directly drive the light emitting elements 21 to be turned on same in the RGB memory of the control circuit 322 as image 

intermittently with the power source 23. data. That is, the signal obtained when the blue light is 

The second driver circuit 25c is connected to the first 25 emitted is stored in the B area, the signal obtained when the 

driver circuit 324 of the processing unit 320. Therefore, the S reen is emitted is stored in the G area, and the signal 

control circuit 322 of the processing unit 320 is capable of obtained when the red light is emitted is stored in the R area 

controls the second driver circuit 25c of the illuminating °f the RGB memory. 

device 2M via the first driver circuit 324. The image signal processing circuit 323 obtains the data 

Operation of the above-constructed endoscope system stored in the RGB memory of the control circuit 322 at a 

will be described. predetermined timing, performs D/A conversion, encodes in 

When an operator turns ON the main power source (not accordance with the TV system, and displays the object 

shown) of the endoscope system 2000, the power source 340 ^ on me monitor 5. The operator can perform the 

of the normal light source unit 310 of the external device 300 35 normal observation of the object by viewing the image 

supplies electrical current to the white light source 311. The displayed on the monitor 5. 

first driver circuit 324 controls the filter drive motor 3156 to Further, the operator can observe the fluorescent image of 

rotate the rotatable filter 315a at a constant speed. At an the object. The fluorescent image can be displayed by 

initial stage, the light emitting elements 21 of the illuminat- operating a predetermined switch (not shown) provided on 

ing device 12M are turned OFF, and the rotary shutter 25a 40 the operation unit 102. 

is not rotated. Upon operation of the switch of the operation unit 102, 

The white light emitted by the white light source 311 the system control unit 330 detects that the operator indi- 

passes through the infrared filter 312, which eliminates the caled the fluorescent image observation. The system control 

infrared component, the aperture 314a which adjust the light u nit 330 controls, via the first driver circuit 324 and the filter 

amount, and is directed to the rotatable filter 315a. The 45 dr ive motor 3156, the rotatable filter 315a such that the 

rotatable filter 315a is rotated and the color filters are opaque portion thereof is inserted in the optical path. With 

inserted in the optical path sequentially so that the Blue, tnis control, the white light emitted by the white light source 

Green and Red light is emitted therefore, sequentially. The 3 U is shielded by the opaque portion of the rotatable filter 

Blue, Green and Red light is sequentially converged on the 315a, and is not incident on the light guide 1056. 

light receiving surface of the light guide 1056. The light 50 At the same time, the system control unit 330 controls the 

guided inside the light guide 1056 is emerged from the light power source 23 of the illuminating device 2M to light the 

emitting surface of the light guide 1056, and then diverged light emitting elements 21, and rotates the rotary shutter 25a 

by the illumination lens 105a. via the second driver circuit 25c and the shutter drive motor 

It should be noted that the control circuit 322 of the 256. 
processing unit 320 controls the first driver circuit 324 to 55 It should be noted that the control circuit 322 of the 
operate synchronously with the imaging and transferring processing unit 320 controls the second driver circuit 25c of 
periods of the image capturing element 106c of the elec- the illuminating device 2M to operate synchronously with 
tronic endoscope 100. That is, the first driver circuit 324 the imaging and transferring periods of the image capturing 
controls the rotation speed of the rotatable filter 315a via the element 106c. That is, the second driver circuit 25c controls 
filter drive motor 3156 such that: a predetermined portion of 60 the rotating speed of the rotary shutter 25a, via the shutter 
a period during which the Blue light is emitted from the - driving motor 256, such that a period, during which the 
illumination lens 105a corresponds to the imaging period of opening of the rotary shutter 25a is located within the optical 
the image capturing element 106c, and the u~ansferring is path, corresponds to the imaging period of the image cap- 
finished before the Green light is emitted; when the Green turing element 106c, and a period, during which the opening 
light is emitted, the imaging and transferring for the green 65 of the rotary shutter 25a is out of the optical path, corre- 
image are completed; and when the Red light is emitted, the spends to the transferring period of the image capturing 
imaging and transferring for the red image are completed. element 106c. 
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Thus, the excitation light emitted by the light emitting 
elements 21 intermittently incident on the light receiving 
surface of the light guide probe 26. The excitation light 
guided by the light guide probe 26 is emerged to the cavity 
wall. Thus, the cavity wall is illuminated by the excitation 
light intermittently. 

The cavity wall fluoresces when illuminated with the 
excitation light. The objective lens 106a collects the fluo- 
rescent light as well as the reflected excitation light. The 
band pass filter 106b prevents the reflected excitation light 
from passing therethrough, and allows the fluorescent light 
to pass through. The fluorescent light passed through the 
band pass filter 106b is converged on the image receiving 
surface of the image capturing element 106c, and forms the 
fluorescent object image. 

When the fluorescent object image is formed on the image 
capturing element 106c, it operates in the imaging period, 
and thus, the optical image is converted in the electrical 
image signal. When the imaging period is finished and the 
transferring period starts, the rotary shutter 25a shields the 
excitation light. Accordingly, during the transferring period 
of the image capturing element 106c, the excitation light is 
not emerged from the illumination lens 105a. During the 
transferring period, the image capturing element 106c out- 
puts the image signal corresponding to the fluorescent light 
image to the signal line 106d. 

The primary signal processing circuit 321 receives the 
signal transmitted from the image capturing element 106c 
via the signal line 106c/. Then, the primary signal processing 
circuit 321 amplifies the signal, performs various signal 
processing operations and A/D conversion. The primary 
signal processing circuit 321 stores thus obtained data in the 
RGB memory of the control unit 322. 

The image signal processing circuit 323 obtains the data 
stored in the RGB memory of the control circuit 322 at a 
predetermined timing, performs D/A conversion and encod- 
ing in accordance with the TV system, and displays the 
fluorescent object image on the monitor 5. It should be. 
noted that the fluorescent image may be modified to an 
image colored in accordance with the intensity of fluorescent 
light. 

By observing the image displayed on the monitor 5, the 
operator may recognize the condition of the object. For 
example, if there is a portion having lower brightness than 
the other portion, it may be determined to be a diseased 
portion. 

By operating a switch on the operation unit 102, the 
endoscope system 2000 may be set to the-initial condition so 
that the normal observation is performed. That is, the system 
control unit 330 rotates the rotatable filter 315a at a constant 
speed via the first driver circuit 324 and the filter drive motor 
3156 upon detecting the operation of the switch. At the same 
time, the system control unit 330 controls the power source 
23 of the illuminating device 2M to turn OFF the light 
emitting elements 21. As described above, the operator can 
switch the normal image observation mode and the fluores- 
cent image observation mode arbitrarily. 

It should be noted that the wavelength range of the 
excitation light can be a range of 380-480 nm, and 
preferably, 400-450 nm. 

Trie present disclosure relates to the subject matter con- 
tained in Japanese Patent Application No. HEI 11-181296, 
filed on Jun. 28, 1999, which is expressly incorporated 
herein by reference in its entirety. 

What is claimed is: 

1. An illuminating device for an endoscope system, said 
illuminating device emitting light toward a light receiving 


surface of an optical fiber bundle, light incident on the fight 
receiving surface of said optical fiber bundle being emitted 
from a light emitting surface of said optical fiber bundle for 
illuminating an object, said illuminating device comprising: 
5 a plurality of light emitting elements, arranged in a 
substantially spherical concave configuration, a center 
of said spherical concave configuration being substan- 
tially on a central axis of the light receiving surface of 
said optical fiber bundle, each of said plurality of light 
10 emitting elements emitting a directive monochromatic 
light beam, the light beams emitted by said plurality of 
light emitting elements being incident on the light 
receiving surface of said optical fiber bundle within an 
angular aperture of the light receiving surface of said 
t5 optical fiber bundle. 

2. The illuminating device according to claim 1, further 
comprising a mount member on which said plurality of fight 
emitting elements are fixed, said mount member comprising 
a surface correlating to said substantially spherical concave 

20 configuration, said surface facing the light receiving surface 
of said optical fiber bundle, said plurality of light emitting 
elements being mounted on said surface of said mount 
member. 

3. The illuminating device according to claim 1, wherein 
25 said plurality of light emitting elements are light emitting 

diodes. 

4. The illuminating device according to claim 1, wherein 
said plurality of light emitting elements are a plurality of 
laser diodes. 

30 5. The illuminating device according to claim 1, wherein 
each of said plurality of light emitting elements emits a light 
beam whose wavelength is within a range of 380-480 nm. 

6. The illuminating device according to claim 5, wherein 
each of said plurality of light emitting elements emits a light 
beam whose wavelength is within a range of 400-450 nm. 

7. An endoscope system, comprising: 
an illuminating device; 
an endoscope; 

an optical fiber bundle comprising a light receiving sur- 
face and light emitting surface, the optical fiber bundle 
being insertable through said endoscope; and 
an illuminating optical system provided at a distal end 

portion of said endoscope; 
wherein the light receiving surface of said optical fiber 
bundle faces said illuminating device and the light 
emitting surface of said optical fiber bundle faces said 
illuminating optical system; and 
wherein said flluminating device comprises a plurality of 
light emitting elements, arranged in a substantially 
spherical concave configuration, a center of said spheri- 
cal concave configuration being substantially on a 
central axis of the light receiving surface of said optical 
fiber bundle, each of said plurality of light emitting 
elements emitting a directive monochromatic light 
beam, the light beams emitted by said plurality of light 
emitting elements being incident on the light receiving 
surface of said optical fiber bundle within an angular 
aperture of the light receiving surface of said optical 
fiber bundle, and light emitted from the light emitting 
surface of said optical fiber bundle being directed 
toward an object through said illuminating optical 
system. 

8. The illuminating device according to claim 7, further 
comprising a mount member on which said plurality of light 
emitting elements are fixed, said mount member comprising 
a surface correlating to said substantially spherical concave 
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configuration, said surface facing the light receiving surface 
of said optical fiber bundle, said plurality of light emitting 
elements being mounted on said surface of said mount 
member. 

9. The illuminating device according to claim 7, wherein 5 
said plurality of light emitting elements are light emitting 
diodes. 

10. The illuminating device according to claim 7, wherein 
said plurality of light emitting elements are a plurality of 
laser diodes. 10 

11. The illuminating device according to claim 7, wherein 
each of said plurality of light emitting elements emits a fight 
beam whose wavelength is within a range of 380-480 nm. 

12. The illuminating device according to claim 11, 
wherein each of said plurality of light emitting elements 15 
emits a light beam whose wavelength is within a range of 
400-450 nm. 

13. An illuminating device for an endoscope system, said 
illuminating device emitting light toward a light receiving 
surface of an optical fiber bundle, light incident on the light 20 
receiving surface of said optical fiber bundle being emitted 
from a light emitting surface of said optical fiber bundle for 
illuminating an object, said illuminating device comprising: 

a plurality of light emitting elements, each of said plu- 
rality of light emitting elements emitting a directive 25 
monochromatic light beam that is incident on the light 
receiving surface of said optical fiber bundle at a 
corresponding angle of incidence with respect to a 
central axis of the light receiving surface of said optical 
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fiber bundle, a largest angle of the angles of incidence, 
corresponding to the light beams emitted by the plu- 
rality of light emitting elements, including a sine equal 
to a numerical aperture of said optical fiber bundle. 

14. An endoscope system, comprising: 

an endoscope; 

an illuminating device, comprising a plurality of light 
emitting elements that emit a corresponding plurality of 
directive monochromatic light beams; 

an illuminating optical system provided at a distal end 
portion of said endoscope; and 

an optical fiber bundle extending through said endoscope, 
the optical fiber bundle comprising a light receiving 
surface and light emitting surface, the light receiving 
surface facing said illuminating device and the light 
emitting surface facing said illuminating optical sys- 
tem; 

the plurality of light beams of said plurality of light 
emitting elements being incident on the light receiving 
surface of said optical fiber bundle at a corresponding 
plurality of angles of incidence with respect to a central 
axis of the light receiving surface of said optical fiber 
bundle, a largest angle of incidence of the plurality of 
angles of incidence having a sine equal to a numerical 
aperture of said optical fiber bundle. 

***** 
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